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ABSTRACT 


The  noise  power  available  from  the  equivalent  of  lossless  half-wave 
horizontal  dipole  antennas  23  feet  above  ground  was  measured  on  2.3,  5.0, 
and  10.0  MHz  at  Laem  Chabang,  Thailand  (l3.05°N,  100.90°E)  from  August 
1967  through  February  1968.  Data  were  obtained  using  dipoles  oriented 
magnetically  north-south  (N-S)  and  east-west  (E-W)  at  the  same  site  where 
data  were  being  taken  with  a  standard  ARN-2  21.75-foot  vertical  monopole. 
The  noise  power  available  from  the  dipoles  is  significantly  less  than 
that  available  from  the  monopole  in  the  lower  part  of  the  HF  band,  but 
this  difference  tends  to  decrease  as  frequency  increases,  becoming  neg¬ 
ligible  at  10.0  MHz  at  night.  The  noise  picked  up  by  the  horizontal 
dipoles  is  relatively  independent  of  their  orientation,  although  the  E-W 
dipoles  do  pick  up  slightly  more  noise  during  winter.  The  diurnal  varia¬ 
tion  of  atmospheric  noise  observed  on  the  dipoles  tends  to  be  greater  than 
that  observed  on  the  monopole,  and  the  difference  is  least  on  the  highest 
measurement  frequency.  The  noise  data  from  the  horizontal  dipoles  are 
compared  with  the  CCIR  Report  322  predictions  for  a  vertical  monopole  at 
the  same  site,  and  a  correction  function  is  derived  to  facilitate  using 
these  noise  maps  to  make  predictions  for  horizontal  dipoles.  The  effect 
of  local  electrical  storms  on  the  average  noise  power  observed  with  the 
horizontal  antennas  was  studied.  It  appears  that  local  electrical  storms 
can  cause  a  significant  increase  in  observed  average  noise  power  at  2,3  MHz 
(e.g.,  more  than  20  dB  above  the  monthly  median  for  that  hour),  but  they 
seem  to  have  relatively  little  effect  at  5.0  and  10.0  MHz  (less  than 
10  dB  increase  over  the  monthly  median).  The  observed  increases  in  average 
noise  power  during  local  storms  may  be  smaller  than  the  actual  increases 
in  noise-power  flux  density  at  the  site  because  of  the  limitations  of  our 
instrument at  ion. 
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FOREWORD 


The  work  described  in  this  report  was  performed  with  the  support, 
and  using  the  facilities,  of  the  Military  Research  and  Development  Center 
(MRDC)  in  Bangkok,  Thailand.  The  MRDC  is  a  joint  Thai-U.S.  organization 
established  to  conduct  research  and  development  work  in  the  tropical  en¬ 
vironment.  The  overall  direction  of  the  U.S.  portion  of  the  MRDC  has  been 
assigned  to  the  Advanced  Research  Projects  Agency  (ARPA)  of  the  U.S. 
Department  of  Defense  who,  in  1962,  asked  the  U.S.  Army  Electronics 
Command  (USAECOM)  and  the  Stanford  Research  Institute  (SRl)  to  establish 
an  electronics  laboratory  in  Thailand  to  facilitate  the  study  of  radio 
communications  in  the  tropics  and  related  subjects.  The  MRDC-Electronics 
Laboratory  (MRDC-EL)  began  operation  in  1963  [under  Contract  DA  36-039 
AMC-00040( E)  ],  and  since  that  time  the  ARPA  has  actively  monitored  and 
directed  the  efforts  of  USAECOM  and  SRI.  In  Bangkok,  this  function  is 
carried  out  by  the  ARPA  Research  and  Development  Field  Unit  (RDFU-T). 

The  cooperation  of  the  Thai  Ministry  of  Defense  and  Ministry  of  the 
Interior  and  the  Thailand  and  CONUS  representatives  of  the  ARPA  and 
USAECOM  made  possible  the  work  presented  in  this  report. 
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I  INTRODUCTION 


A.  Historical  Background 

Noise,  in  one  form  or  another,  provides  the  ultimate  limitation  on 
the  performance  of  any  system.  The  principal  type  of  noise  affecting 
HF  radio  communication  systems  in  the  tropics  is  (in  the  absence  of  inter¬ 
fering  signals)  the  atmospheric  noise  resulting  from  lightning  dis¬ 
charges.  In  the  past,  obtaining  reliable  measurements  of  this  noise  has 
proven  difficult.  Although  many  measurements  have  been  made,  it  is  even 
more  difficult  to  interpret  and  compare  radio  noise  data  than  to  obtain 
reliable  data,  because  of  differences  in  the  receiving  systems  used 
(antenna,  bandwidth,  etc,).  Significant  progress  in  documenting  atmos¬ 
pheric  radio  noise  has  been  made  during  the  last  decade  (from  the  Inter¬ 
national  Geophysical  Year  to  the  present)  as  the  result  of  the  operation 
of  a  world-wide  network  of  identical  noise  recorders  under  the  supervision 
of  the  U.S .  National  Bureau  of  Standards.  Sixteen  National  Bureau  of 
Standards  Radio  Noise  Recorders,  Model  ARN-2,  using  standard  vertical- 
monopole  antennas, have  been  located  around  the  world  to  measure  the 
vertical  component  of  the  mean  noise  power, 1»2tt  Data  from  this  measure¬ 
ment  program  have  been  used  to  improve  existing  noise  maps  (based  on 
meteorological  data  and  previous  noise  measurements)  to  yield  a  capability 
for  prediction  of  an  equivalent  vertically  polarized  ground-wave  noise 
field  strength  incident  upon  a  given  receiving  site  as  a  function  of  site 
location,  frequency,  time  of  day,  and  season  of  the  year.  However,  many 
communication  systems  employ  horizontally  polarized  antennas,  and  rela¬ 
tively  little  is  known  about  the  noise  voltages  induced  in  horizontally 
polarized  antennas.  Consequently,  a  study  of  the  noise  on  horizontal 
dipole  antennas  was  undertaken  in  Thailand. 


References  are  listed  at  the  end  of  the  report. 
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B,  Current  Study 


This  report  discusses  atmospheric  noise  data  obtained  on  horizontal 
dipole  antennas  in  Thailand  with  a  receiving  system  patterned  after  and 
having  the  electrical  characteristics  of)  the  ARN-2  system.3  This  unit 
was  operated  from  August  1967  through  February  1968,  Calibration  per¬ 
mitted  comparison  with  data  taken  on  the  standard  ARN-2  vertical  monopole 
at  the  same  site,  Laem  Chabang,  Thailand  see  Fig.  l).4'5  The  effects 
of  local  electrical  storms  on  the  noise  power  received  by  the  dipoles  is 
investigated  briefly.  In  addition,  data  obtained  on  horizontally  polar¬ 
ized  dipoles  with  different  equipment  at  other  sites  in  Thailand6'7  are 
presented  and  compared  with  the  results  fi’om  the  Laem  Chabang  tests. 
Finally,  suggestions  are  made  regarding  modification  of  the  International 
Radio  Consultative  Committee  (CCIR)  Report  322  noise  maps8  of  vertically 
polarized  noise  to  yield  estimates  of  noise  on  horizontally  polarized 
antennas  in  Thailand. 
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II 


SUMMARY  OF  MAJOR  FINDINGS 


The  major  findings  of  this  experiment  were  as  follows: 

(l  The  monthly-median  atmospheric  noise  power  available 
during  nighttime  from  an  equivalent  lossless  hori¬ 
zontal  dipole  (Fam)  at  23  feet  above  good  ground 
in  Thailand  is  relatively  independent  of  frequency 
(and  season,  at  least  for  summer,  autumn,  and  winter 
in  the  lower  part  of  the  HF  band,  in  direct  contrast 
to  observations  of  noise  on  a  vertical  monopole  at 
the  same  site.  Typical  values  lie  between  about  55 
and  70  dB  (to  the  nearest  6  dB )  above  the  thermal  noise 
available  from  a  passive  resistor  at  T0  =  288°K  (approxi¬ 
mately  room  temperature  .  There  is  a  significant  daytime 
variation  of  the  noise  in  the  frequency  range  2.3  to 
10  MHz,  with  a  minimum  in  observed  power  occurring  be¬ 
tween  about  1000  and  1100  hours  local  time.  Observed 
minimum  monthly  medians  of  Fam  at  2.3  MHz  vary  between 
about  20  and  30  dB,  values  at  5  MHz  vary  between  about 
25  and  35  dB,  and  values  at  10  MHz  vary  between  about 
30  and  15  dB  above  kT0b. 

(2)  The  11F  atmospheric  noise  picked  up  by  a  horizontal 

dipole  is  relatively  independent  of  dipole  orientation, 
although  the  noise  docs  seem  to  become  slightly  greater 
on  the  E-W  dipole  at  2.3  MHz  most  of  the  time  and  on 
the  other  frequencies  during  winter. 

3V  The  noise  power  available  from  a  horizontal  dipole  is 
significantly  less  than  the  noise  power  available  from 
a  vertical  monopolc  in  the  lower  part  of  the  HF  band; 
this  difference  tends  to  decrease  as  frequency  increases, 
becoming  negligible  at  10  MHz. 

(4)  The  diurnal  variation  of  atmospheric  noise  observed  on 
horizontal  dipoles  tends  to  be  greater  than  the  diurnal 
variation  of  noise  on  vertical  monopolcs,  the  difference 
becoming  less  as  frequency  increases  from  2,3  MHz  to  10  MHz. 

5)  In  the  absence  of  any  predictions  for  noise  on  horizontal 
dipoles,  we  decided  to  apply  the  CCIR  Report  No.  322  map 
predictions  for  atmospheric  noise  power  available  from  a 
vertical  monopolc  directly  to  the  horizontal  dipoles 
even  though  these  predictions  had  not  predicted  enough 
noise  for  the  monopolc — sec  Ref,  5),  and  to  observe  the 
resulting  difference  in  "predicted"  and  observed  values. 

At  10  MHz,  when  applied  directly  to  our  horizontal  dipoles, 
the  map  predictions  for  the  monopole  gave  values  that  were 
too  low  by  5  to  10  dB  during  day  and  by  15  to  20  dB 
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during  night.  The  noise  maps  give  reasonable  estimates 
of  the  noise  power  available  from  horizontal  dipole 
antennas  located  at  \  '4  to  \ '8  above  good  ground 
for  the  frequency  range  5  to  6  MHz  during  daytime; 
the  map  values  were  too  low  by  about  5  to  10  dB  at  night. 
The  maps  yield  values  too  high  when  applied  to  2.3-MHz 
horizontal  dipoles  at  one-sixteenth  wavelength  above 
ground  by  about  0  to  5  dB  during  day  and  5  to  10  dB  at 
night.  Corrections  for  other  antenna  heights  are 
d iscussed . 

^6)  The  effect  of  local  storms  on  the  average  2.3-MHz  noise 
power  observed  during  a  12-minute  interval  on  either 
dipoles  or  the  standard  ARN-2  monopole  is  to  cause  a 
substantial  increase  (20  to  30  dB)  over  the  monthly 
median  value  for  the  same  hour.  Local  storms  produce 
much  less  significant  effects  at  higher  frequencies, 
causing  only  about  a  3-dB  increase  at  10  MHz. 
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Ill  DESCRIPTION  OF  MEASUREMENT  SITE 


The  site  at  Lacm  Chabang,  Thailand,  was  selected  in  the  winter  of 
1964  as  the  result  of  a  survey.  The  criteria  used  for  site  selection 
can  be  summarized  as  follows: 

(1)  It  must  be  at  least  0.5  km,  and  preferably  1  km,  from 
all  main  roads.  ( Our  subsequent  measurements  show  at 
least  1  km  required.) 

(2)  It  must  be  3  km  from  electrical  power  distribution 
lines  above  5  kV. 

(3)  It  should  have  a  low  horizon  (4  degrees  or  less)  in 
all  directions,  in  order  to  compare  data  taken  on  a 
CCIR  standard  ARN-2  whip  antenna  with  data  from  the 
CCIR  world  noise-measuring  network. 

(4)  It  should  be  located  not  more  than  two  hours  by  auto¬ 
mobile  from  the  MRDC  Electronics  Laboratory  in  Bangkok. 

(5)  It  must  be  accessible  from  a  main  road  in  all  seasons. 

(6)  It  must  have  a  usable  area  of  approximately  300  by  300 
meters. 

(7)  Its  surrounding  area  must  be  free  of  structures  and  man¬ 
made  activity,  except  for  the  normal  agricultural  oper¬ 
ations, 

1 8)  It  requires  a  house,  or  similar  structure,  suitable  for 
housing  electronic  gear.  An  air-conditioned  van  with 
floor  dimensions  of  8  by  24  feet  would  be  suitable  if 
a  house  cannot  be  found.  Generator  and  storage  sheds 
would  have  to  be  constructed,  if  not  available. 

(9)  It  should  be  on  land  controlled  by  an  agency  of  the 
Thai  government,  since  permission  must  be  obtained  to 
pour  concrete  pads,  construct  sheds,  erect  antennas, 
and  install  electrical  power  generators. 

(10)  It  should  have  a  man-made  noise  level  considerably  lower 
than  that  at  the  Bangkok  Laboratory  site  at  all  fre¬ 
quencies,  VLF  and  higher,  and  a  reasonable  prospect  of 
remaining  "quiet." 

The  Laem  Chabang  site  (l3.05°N,  100,90°E)  adequately  met  these 
criteria.  The  site  consisted  of  a  sandy  area  along  the  eastern  coast 
of  the  Gulf  of  Thailand.  For  the  first  several  hundred  feet  inland, 
the  beach  is  relatively  open  and  free  of  vegetation.  Beyond  about 
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400  feet  inland,  the  site  is  covered  with  scrub  growth  composed  of  shrubs, 
bushes,  climbers,  and  thorny  succulent  herbs,  including  cacti.  Few  trees 
taller  than  30  feet  can  be  found  in  this  area.  The  elevation  angle  of 
the  horizon  is  less  than  3°  in  all  directions—  0°  toward  the  west  (Qulf 
of  Thailand).  Figure  2  is  a  photograph  of  the  beach  area. 

The  soil  beneath  the  antennas  was  single-grained,  noncoherent,  dry, 
loose  sand,  classified  as  SW  under  the  United  States  Classification  System 
(USCS)  and  as  well-graded  sand  under  the  United  States  Department  of  Agri¬ 
culture  (USDA)  nomenclature.8*9  Consistency  when  wet  is  nonplastic  and 
nonsticky.  Soil  permeability  to  water  is  good.  The  electrical  constants 
of  the  soil  were  measured  to  a  depth  of  6  feet  with  a  short  open-wire- 
transmission-line  probe  along  the  open  beach  and  beneath  the  scrub  vege¬ 
tation  (see  Fig.  3).  10  While  the  ground  exhibits  slightly  higher  conduc¬ 
tivity  nearer  the  salt  water  (and  where  there  is  no  vegetation),  the 
ground  can  be  classified  as  electrically  "poor"  at  this  site.  It  should 
be  noted  that  wire  ground  screens  were  used  beneath  both  the  vertical 
monopole  and  horizontal  dipoles  to  increase  antenna  efficiency  and 
stabilize  (and  standardize)  antenna  impedance. 


C 
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FIG.  2  OPEN  BEACH  TERRAIN  AT  LAEM  CHABANG,  THAILAND 


IV  DESCRIPTION  OF  EQUIPMENT 


A.  Antennas 

1.  Trapped  Horizontal  Dipoles  at  Laem  Chabang 

A  trapped  horizontal  dipole  constructed  from  No.  14  AWG  stranded 
copper  wire  (see  Fig.  4)  was  used  at  Laem  Chabang  for  the  atmospheric 
noise  measurements.  Parallel-resonant  RLC  traps,  enclosed  in  fiberglass 
containers  for  weather  protection,  were  used  to  produce  an  approximation 
to  a  half-wave  resonant  horizontal  dipole  at  2.3,  5.0,  and  10.0  MHz. 
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FIG.  4  THREE-FREQUENCY  TRAPPED  DIPOLE 
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A  75-ohm-t o-75 -ohm  balanccd-to-unbalanccd  ferrite-core  transformer  (balun),* 
located  at  the  dipole  feed  point,  connected  the  antenna  to  a  281-foot-long 
coaxial  cable  RG-213/,U)  which  ran  to  the  noise-measuring-equipment  shelter. 
Two  identical  antennas,  oriented  magnetically  north-south  and  east -west  in 
the  form  of  a  cross,  were  constructed  and  installed  at  23  feet  above  a 
ground  screen  at  Laem  Chabang.  The  ground  screen  was  constructed  of  2-inch 
chicken  wire  in  the  form  of  a  165-foot  strip  6  feet  wide,  obtained  by  the 
bonding,  at  1-foot  intervals,  of  tw >  pieces  each  3-feet  wide.  These  strips 
were  positioned  symmetrically  beneath  the  antennas.  Twelve  3-foot  copper 
ground  rods  were  used  to  attach  the  ground  screen  to  the  earth,  one  at 
each  corner  and  one  at  each  intersection  of  the  two  ground  screens.  Mea¬ 
sured  values  of  impedance  for  both  antennas  are  presented  in  Appendix  A. 

2 .  Standard  ARN-2  Monopolc 

The  standard  ARN-2  monopole  antenna  was  constructed  from  drawings 
supplied  by  the  U.S,  Environmental  Science  Services  Administration  (ESSA), 
Boulder,  Colorado,  and  is  identical  to  the  antennas  used  with  the  U.S. 
National  Bureau  of  Standards  NBS^  ARN-2  atmospheric  noise  recorder.  1 
The  antenna  consists  of  a  21.75-foot  telescoping  vertical  monopolc* 

( 1.5-inch  diameter  at  base)  mounted  over  an  extensive  ground  plane  con¬ 
sisting  of  90  radials  of  #12  copperueld  wire  each  100  feet  long  and 
equally  spaced.  The  ground  plane  is  supported  from  the  top  of  the  equip¬ 
ment  van — about  8  feet  above  ground — and  forms  a  200-foot -diameter  circle 
(  see  Fig.  5).  The  outer  ends  are  supported  on  guyed  posts.  The  ground 
platform  is  connected  to  a  one -square -yard  copper  plate  buried  6-feet 
deep  by  a  copper  strip  l/l6-inch  thick  by  4-inches  wide.  The  base  in¬ 
sulator  is  a  6-inch  plastic  sphere  see  Fig.  6),  and  the  antenna  base  is 
connected  to  a  length  of  special  low-capacity  coaxial  cable  that  enters 
the  van  through  a  watertight  packing.  Protection  against  lightning  strokes 
was  afforded  by  a  small  copper  tube  placed  near  the  base  of  the  antenna 
(3-mm  gap)  and  connected  to  the  ground  system.  The  approximate  impedance 
of  this  antenna  is  presented  as  a  function  of  frequency  in  Fig.  7.  1 


Model  1100BB,  North  Hills  Co.,  Glen  Cove,  New  York. 


12 


13 


FIG.  5  VIEW  OF  GROUND  PLANE,  ANTENNA,  AND  EQUIPMENT  VAN 
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FIG.  7  IMPEDANCE  OF  ARN  ANTENNA 


REACTANCE - ohms 


3.  Full-Length  Half-Wave  Horizontal  Dipoles 


Full-length  X/2  dipoles  were  used  at  several  sites  for  atmospheric 
noise  and  impedance  measurements.6  These  antennas  were  constructed  of 
No.  12  AWG  solid  copper  wire  and  were  fed  with  RG-8/U  coaxial  cable. 

No  baluns  were  used  with  these  antennas.  The  center  conductor  of  the 
cable  was  attached  to  one  dipole  element  and  the  outer  conductor  ( shield) 
fed  the  other  dipole  clement.  At  Laem  Chabang,  the  impedance  of  such  a 
structure  was  measured  over  the  ground  screens  (which  were  extended — 
during  these  impedance  measurements  only — to  cover  the  full  length  of  the 
2.3-MHz  dipole)  . *  Ground  screens  were  not  used  at  the  other  sites  dis¬ 
cussed  in  this  report. 

B.  Receivers  and  Recorders 

1.  Laem  Chabang 

The  receivers  and  recorders  used  at  Laem  Chabang  were  designed  to 
have  essentially  the  same  characteristics  as  those  of  the  ARN-2  system. 

The  nominal  parameters  of  the  system  operated  at  Laem  Chabang,  designated 
ARN-3,  are  given  in  Table  I.  A  block  diagram  of  the  ARN-3  system  is 
shown  in  Fig.  8.  A  more  complete  description  of  this  system  is  given  in 
Ref.  3. 

A  special  switching  unit  (see  left  side  of  Fig.  8)  was  designed  and 
built  by  one  of  the  authors  (j.  M,  Yarborough)  to  facilitate  cycling  the 
input  to  the  receiver  between  the  standard  monopole  and  the  trapped  dipoles. 
The  timing  control  unit  is  built  around  an  electromechanical  unit  employ¬ 
ing  a  synchronous  motor  driving  a  series  of  cams  to  activate  microswitches. 
This  method  was  chosen  over  an  electronic  approach,  to  minimize  both  the 
design  and  installation  times.  The  switching  cycle  provides  five 
12-minute  measurement  periods. 


*  These  ground  screens  were  always  maintained  at  the  same  length  when 
used  with  the  trapped  dipoles,  but  the  trapped  dipoles  are  slightly 
shorter  than  a  full-length  2,3-MHz  dipole. 
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2.  Other  Sites  in  Thailand 


Additional  atmospheric  noise  recordings  were  obtained  in  conjunction 
with  several  experiments  conducted  at  field  sites  in  Thailand.  Usually, 
R-390/URR  receivers  were  used  with  various  recorders.  (See  Sec.  VII  of 
this  report  or  Refs.  6  and  7  for  more  detailed  or  specific  information.) 

C.  The  Calibration  Unit 

The  calibration  unit  of  the  ARN-2  system  (Fig.  9)  contains  a  noise 

diode  with  provision  for  varying  its  filament  temperature  and  metering 

its  plate  current,  as  well  as  dummy  loads  with  impedances  corresponding 

to  those  of  the  monopole  antenna  at  the  various  measurement  frequencies. 

A  BNC  connector  J3  )  was  added  on  the  front  panel  for  use  in  calibrating 

a 

the  system  for  dipole  measurements.  A  coupling  capacitor  of  0.47  pF  (see 
Fig.  9)  was  used  to  facilitate  driving  the  low-impedance  dummy  antennas 
required  to  simulate  the  dipole  antennas.  The  dipoles'  dummy  antennas 
were  constructed  in  separate  mini -boxes  ( see  Appendix  A  for  calibration 
details) . 
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Table  I 


EQUIPMENT  SPECIFICATIONS  FOR  ARN-3  SYSTEM 


Frequencies : 

MF  and  HF,  4  channels  each  tunable  0.53  to 

54  MHz,  normally  tuned  to  0,53,  2.3,  5.0, 
and  10,0  MHz  respectively.  VLF  and  LF, 

4  fixed-frequency  converters  accepting 

6,  13,  27,  and  160  kHz  respectively. 

Receivers : 

Four  Hammarlund  SP-600 

Recorders : 

One  Brush  Model  RA-5680-01  1  with 

Eight  Brush  Model  RD-5211-13 J  amplifiers 

Band-Pass : 

HF,  200-Hz  normal  operation  (adjustable  in 
steps  up  to  13  kHz).  LF,  200  Hz.  LFA;  ERA 
band  100  Hz  to  2500  Hz;  CCIR  band  2  kHz  to 

50  kHz. 

Sensitivity : 

HF,  -97  dBm,  LF  -46  dBm,  LFA,  1-V,  3-V,  and 

10-V  thresholds. 

Time  Constants: 

Power  integration,  0.5  s,  5  s,  or  500  s, 

Voltage  integration,  0.1  s,  1  s,  or  100  s, * 

LFA,  0.6,  dead  time. 

Dynamic  Range: 

40  dB  (30  dB  on  chart)  plus  70  dB  attenua¬ 
tion  in  10-dB  steps. 

Outputs : 

Integrated  power  and  voltage  in  4  channels 
(chart  recorded). 

Timing  and  Switching: 

Internal  time  standard  with  power  amplifier 
to  drive  clocks  and  recorders.  Switching  of 
ARN-3  channels  available  each  15  or  30  min¬ 
utes  .  Photograph  of  LFA  taken  automatically 
each  30  minutes  or  each  hour.  External 
switching  unit  added  to  permit  accommodation 
of  trapped  horizontal  dipoles,  with  switching 
each  12  minutes  (see  Table  II). 

Packaging: 

Three  standard  five-foot  relay  racks  and  two 
seven-foot  relay  racks. 

Power 

Requirement . 

115  V,  60  Hz,  20  A. 

Ambient 

Temperature : 

18  to  24 °C,  22°C  nominal  (65  to  75°F) ,  main¬ 
tained  by  air  conditioning. 

*  The  longest  time  constants  were  used  during  data  aquisition. 
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FIG.  9  CALIBRATION  UNIT  SCHEMATIC 


V 


DATA  PROCESSING 


The  main  steps  in  data  processing  were;  preprocessing,  data  scaling, 
data  supervisor  check,  and  calculation  of  noise  parameters. 

A .  Preprocessing 

Preprocessing  consisted  of  the  following: 

(1)  The  rolls  of  raw  data  (typically  30  feet  long  for  one 
week's  data)  were  identified  at  beginning  and  end  with 
the  following  information:  date,  channel  number,  antenna, 
frequency,  equipment,  etc. 

(2)  The  switching  cycle  permitted  five  measurement  periods  of 
12  minutes  each.  The  first  period  began  approximately  on 
the  hour  (local  time  =  GMT  +  7  hours).  The  sequence  of 
the  various  inputs  to  the  receiver  was  indicated  in 
Table  II.  During  the  last  part  of  each  hour,  a  50-ohm 
resistor  was  connected  across  the  receiver  input.  This 
permitted  a  check  on  the  drift  of  the  system  between 
calibrations.  Local  time  in  hours  was  marked  on  the  charts 
according  to  the  time  markers  in  the  margin.  A  check  was 
made  for  any  indication  that  the  chart  may  have  stopped  and 
for  operators'  remarks,  if  any. 

(3)  Scaling  cards  were  produced  that  showed  the  step  calibra¬ 
tion  (R  scale)  made  by  the  CW  signal  generator  (see 
Appendix  A). 


Table  II 

TIME-SHARING  OF  ATMOSPHERIC  NOISE  MEASUREMENT  AT  LAEM  CHABANG 
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B.  Data  Scaling 


The  charts  are  scaled  for  the  R  reading  using  the  scales  mentioned 
above,  and  the  values  are  logged  on  data  form  RN-16.  The  data  scaler 
averaged  by  eye  and  recorded  only  those  values  he  had  high  confidence 
were  atmospheric  noise.  Records  showing  indications  that  interference 
was  present  (either  the  nature  of  the  chart  trace  or  operators'  notes) 
were  not  scaled. 

C.  Data  Supervisor  Check 

The  data  supervisor  then  checked  the  scaled  data  and  applie  the 
following  plausibi?.ity  criteria,  which  were  developed  during  the  course 
of  this  work: 

(1)  Examination  of  the  diurnal  variation  shows  that  the  night¬ 
time  level  of  noise  power  is  higher  than  the  daytime  level 
by  about  15  to  30  dB  for  MF  and  HF  noise. 

(2)  The  hour-to-hour  variation  at  all  frequencies  is  (in  tie 
absence  of  local  storms)  less  than  10  dB. 

(3)  No  sudden  changes  in  noise  power  level  occur  during  the 
record  period  in  the  absence  of  local  storms. 

After  being  checked,  the  scaled  data  values  are  transferred  to 
form  RN-12. 


D.  Calculation  of  Noise  Parameters 

The  equation  used  in  calculating  the  hourly  noise  factor  F  for  the 

a 

trapped  dipoles  is: 


where  is  the  system  constant  (see  Table  A-V),  R  is  the  scale  reading 
and  D  is  the  diode  factor.  The  equations  used  in  calculating  the  hourly 
noise  factor  for  the  monopole  are: 


and 


F  =  C  +  R 

a 

C  =  K  +  S  -  D 
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where  K  is  the  system  constant  for  the  ARN-3,  S  is  the  stub  factor  dis¬ 
cussed  in  Appendix  A,  and  D  is  the  diode  factor  for  the  ARN-3  system. 
The  detailed  description  of  each  parameter  is  given  in  Ref.  3.  The 
C  factors  are  obtained  from  the  weekly  calibration  (form  RN-ll).  The 

month-hour  values  of  F  are  filled  in  sheet  RN-12.  From  these  values 

a 

we  can  calculate  the  following: 

(1)  Month-hour  median  Fam,  upper  and  lower  decile  values 
and  tabulate  in  data  sheet  RN-13A  (see  Appendix  B) . 

(2)  Seasonal  three-month- time-block  values  of  Fam,  and 
tabulate  in  data  sheet  RN-14A. 
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VI  TRAPPED- DIPOLE  NOISE-MEASUREMENT  RESULTS  AT  LAEM  CHABANG,  THAILAND 


The  scaled  hourly  values  of  mean  noise  power,  F  ,  observed  on  the 

(l 

horizontal  dipoles  at  Laem  Chabang  during  the  period  August  1967  through 

February  1968  represent  the  ma jor  results  of  this  study.  They  were 

tabulated,  and  monthly  median  values  of  mean  noise  power,  F  ,  dB 

above  kT  b,  were  calculated  for  each  hour.  These  values  are  summarized 
o 

by  month  in  Appendix  B,  along  with  values  of  D^  and  D^ ,  the  ratios  of 

upper  and  lower  decile  values  to  the  monthly  median  in  dB  (i.e.,  add  D^ 

to  F  to  obtain  the  upper  decile  for  a  given  hour  and  month  and  subtract 
am 

D„  to  obtain  the  lower  decile).  Median  values  of  noise  power,  F  ,  are 
i  '  v  am’ 

plotted  for  each  month  and  frequency  as  a  function  of  local  time  in 
Appendix  C.  Figures  10  through  12  summarize  the  diurnal  variation  of  the 
monthly  median  mean  noise  power  received  on  the  trapped  dipoles  on  2.3, 
5.0,  and  10.0  MHz.  Several  observations  may  be  made  from  these  plots  and 
those  in  Appendix  C: 

(1)  The  monthly  medians  of  hourly  mean  noise  power  received  on 
N-S  and  E-W  dipoles  for  a  given  frequency,  month,  and  time 
of  day  are  quite  similar.  At  2.3  MHz,  the  E-W  dipole 
picked  up  about  3  dB  more  noise  than  the  N-S  dipole.  Most 
differences  of  more  than  about  3  dB  at  5.0  and  10.0  MHz 
occurred  during  the  transition  between  day  and  night, 
when  the  noise  level  change  was  too  rapid  for  our  switch¬ 
ing  rate  to  resolve.  During  the  transition  from  night  to 
day  the  N-S  dipole  (first  in  the  sampling  sequence) 
typically  would  show  more  noise;  in  the  afternoon  this 
situation  would  be  reversed.  Even  during  these  periods, 
the  observed  differences  rarely  exceeded  6  dB;  and,  when 
the  transition  trend'  is  considered,  it  can  be  concluded 
that  the  noise  picked  up  by  the  dipoles  in  the  lower 

part  of  the  HF  band  is  relatively  independent  of  dipole 
orientation  when  the  performance  for  a  calendar  month  is 
considered  during  the  observation  period  covered  in  this 
report . 

(2)  The  noisiest  period  was  between  about  1800  and  2100  hours, 
with  a  peak  at  about  65  dB  above  kTQb  at  2000;  the  quietest 
period  is  between  0900  and  1200  hours  local  time  for  all 
three  frequencies. 


27 


(3)  In  general,  the  noise  level  is  relatively  constant  between 
2100  and  0500  at  about  60  dB  (±10  dB)  above  kTQb  on  all 
three  frequencies. 

(4)  Although  there  is  somewhat  more  scatter  on  10  MHz  than  on 
either  2.3  MHz  or  5.0  MHz  during  a  given  month,  the  day¬ 
time  diurnal  variation  of  Fam  (caused  primarily  by  iono¬ 
spheric  absorption'  is  quite  smooth. 

(5)  The  values  for  September  1967  (excepting  10.0  MHz  during 
daytime)  tend  to  be  higher  than  for  the  other  months. 
Possibly  this  is  because  of  local  thunderstorm  activity,11 
which  was  largest  during  this  month. 

(6)  The  variation  of  noise  with  frequency  seems  to  be  rather 
small  for  all  combinations  when  compared  with  the  varia¬ 
tions  observed  on  the  standard  ARN-2  monopole. 4,5 
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FIG.  11  MONTH-HOUR  VALUES  OF  EFFECTIVE  ANTENNA  NOISE  FACTOR 
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VII  DIPOLE  NOISE  RESULTS  FROM  OTHER  SITES  IN  THAILAND 


Noise  data  were  obtained  using  horizontal  dipoles  at  sites  in  Thai¬ 
land  other  than  Laem  Chabang.  These  data  were  obtained  as  parts  of  other 
experiments  on  various  frequencies,  for  varying  periods  and  with  an  assort¬ 
ment  of  equipment.  They  are  included  in  this  report  for  completeness, 
and  should  be  considered  supplemental  to  the  main  noise  measurement  pro¬ 
gram  at  Laem  Chabang.  For  the  most  part,  the  results  of  the  tests  de¬ 
scribed  in  the  following  sections  substantiated  the  results  obtained 
during  the  more  extensive  tests  at  Laem  Chabang. 

A.  CW  Portion  of  North-South  Sounder  Tests 

As  part  of  the  sounder  test  program  during  1966  and  1967, 6,12  CW 
transmissions  were  made  on  5.843  MHz  from  Nakon  Sawan  to  Prachuab  and  from 
Songkhla  to  Nakon  Sawan,  and  on  7.970  MHz  from  Songkhla  to  Chiengmai. 
Horizontal  halfwave  dipoles  oriented  N-S  and  E-W  were  employed  for  recep¬ 
tion.  The  transmissions  were  cycled  25  minutes  on  and  5  minutes  off, 
permitting  noise  in  the  1-kHz  channel  to  be  monitored  while  the  transmitter 
was  off.  R-390  receivers  were  used  with  the  AGC  control  set  to  the  fast 
position  (time  constant  of  15  ms).  This  permitted  the  receiver  to  follow 
fluctuations  of  the  noise,  and  caused  the  trace  on  the  Ester line-Angus  re¬ 
corders  to  swing  over  about  a  10-dB  range.  The  maximum  and  minimum  excur¬ 
sions  of  the  recorder  were  scaled  every  30  minutes.  A  mean  noise  level 
was  then  estimated  by  averaging  the  maximum  and  minimum  readings.  A 
monthly  median  value  of  average  received  noise  power  was  then  calculated 
for  each  half  hour. 

The  received  noise  values  were  calibrated  in  dB  relative  to  1  p.V 
across  the  receiving  input,  as  produced  by  a  Hewlett-Packard  606A  signal 
generator  (i.e.,  0  dB  corresponds  to  about  -107  dBm  at  the  receiver  input). 
A  calculation  of  antenna  efficiency  then  permitted  estimation  of  F&  in 
dB  above  kT  b  (which  is  -144  dBm  for  the  1-kHz  bandwidth). 
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At  Prachuab,  the  dipoles  were  placed  at  18  feet  above  ground,  where 

they  exhibited  a  feedpoint  impedance  of  about  39  ohms.  This  impedance 

corresponds  to  an  antenna  loss  of  about  1.2  dB.  Since  an  incorrect 

dummy  antenna  was  employed  (i.e.,  the  50-ohir  output  impedance  of  the  signal 

generator),  mismatch  loss  must  be  considered,  but  in  this  case  the  mismatch 

loss  was  negligible.  The  insertion  loss  of  the  cables  was  about  1  dB. 

Plots  of  the  median  of  the  mean  values  of  F  for  the  N-S  and  E-W  dipoles 

a 

during  the  period  9  July  through  31  July  1966  are  given  in  Fig.  13. 

Data  are  shown  only  for  nighttime,  because  the  system  was  not  suffi¬ 
ciently  sensitive  to  record  enough  daytime  values  to  calculate  a  meaning¬ 
ful  median. *  These  nighttime  values  are  practically  identical  with  the 
values  observed  on  the  5-MHz  trapped  dipoles  at  Laem  Chabang  during 
August  1967  (see  Fig.  C-.\),  except  for  the  earlier  beginning  of  the  de¬ 
crease  which  at  Prachuab  began  shortly  after  midnight.  These  data  also 
indicate  that,  averaged  over  about  a  month,  the  noise  picked  up  by  a 
dipole  is  relatively  independent  of  the  dipole's  orientation.  On  any 
given  day,  the  difference  between  the  N-S  and  E-W  dipoles  during  the  same 
5-minute  interval  at  Prachuab  was  greater  than  3  dB  only  about  20  percent 
of  the  time,  and  the  difference  was  greater  than  6  dB  only  5  percent  of 
the  time. 

The  F  values  for  the  location  of  Prachuab,  from  the  CCIR  maps  for 
a 

summer  (June-July-August) ,  are  plotted  for  comparison  with  the  July  dipole 
data.  Apparently  the  noise-map  predictions  for  the  vertical  monopole 
would  have  provided  reasonable  estimates  for  the  dipoles  for  the  conditions 
of  this  example. 

At  Nakon  Sawan,  the  dipoles  were  placed  at  18  feet  above  ground  and 
exhibited  a  feedpoint  impedance  of  about  50  ohms.  The  antenna  losses 
were  about  2.4  dB  and  the  cable  losses  added  about  1  dB,  but  mismatch 


*  It  was  possible  to  calculate  the  upper  decile  even  though  actual  values 
were  determined  for  only  11  percent  of  the  time,  the  median  even  though 
actual  values  were  determined  only  51  percent  of  the  time,  and  the  lower 
decile  even  though  actual  values  were  determined  only  91  percent  of  the 
time. 
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FIG.  13  MEDIAN  NOISE  POWER  ON  5.843  MHz  vs.  LOCAL  TIME  —  PRACHUAB,  THAILAND,  8-31  JULY  1966 


losses  were  negligible.  Plots  of  the  median  of  the  mean  values  observed 
during  a  given  5-minute  interval  are  presented  as  a  function  of  local 
time  for  the  period  8  September  through  13  November  (see  F;g.  14).  The 
CCIR  noise  map  predictions  for  a  vertical  monopole  at  this  site  during 
autumn,  if  used  for  the  horizontal  dipoles,  would  have  been  about  10  dB 
low  except  during  late  afternoon. 

At  Chiengmai ,  the  7.970-MHz  dipoles  were  placed  at  50  feet  above 
ground,  where  they  exhibited  a  feed-point  impedance  of  about  70  ohms. 

This  antenna  impedance  corresponds  to  a  mismatch  loss  of  about  0.1  dB  and 
an  antenna  loss  of  about  0.8  dB.  The  effective  insertion  loss  of  the  cabl 
for  the  N-S  dipole  was  estimated  at  about  6  dB  (owing  partly  to  a  bad  con¬ 
nector  and  the  use  of  an  incorrect  cable)  ,  whereas  the  cable  loss  for  the 
E-W  dipole  was  only  about  1.2  dB.  Plots  of  the  median  of  the  mean  values 
of  observed  during  a  5-minute  interval  for  the  period  6  December  1966 
through  28  February  1967  are  presented  in  Fig.  15.  The  noise  on  the  N-S 
and  E-W  dipoles  is  quite  similar.  These  Chiengmai  data  on  7.970  MHz  also 
are  similar  to  Laem  Chabang  data  taken  with  the  10-MHz  trapped  dipole 
during  the  same  period.  An  exception  occurs  between  about  0700  to  0900 
hours  local  time,  when  the  Chiengmai  data  exhibit  a  secondary  maximum 
comparable  with  the  midnight  values.  This  post-dawn  maximum  was  observed 
only  at  Chiengmai  and  possibly  is  due  to  contamination  of  the  data  by 
locally  generated  man-made  noise. 

B.  Dipole  Orientation  Experiment  at  Ayudhaya 

A  small  amount  of  noise  data  was  obtained  during  the  CW  portion  of 
the  dipole  orientation  experiment  conducted  by  Lt.  Cdr,  Paibul  Nacaskul 
RTN)  during  late  1963  and  early  1964 . 1 3  Examples  of  the  mean  atmospheric 
noise  voltage  induced  in  halfwrve  horizontal  dipoles  at  K/6  above  the  good 
ground  at  the  Ayudhaya  test  site  are  given  for  1.7,  3,  and  5  MHz  as  a 
function  of  local  time  (see  Fig.  16,  reproduced  from  Ref.  13).  There  is 
relatively  little  difference  in  the  noise  on  the  two  orthogonal  dipoles 
on  any  of  the  frequencies.  Although  there  is  apparently  about  3  dB  more 
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FIG  14  MEDIAN  NOISE  POWER  ON  5.843  MHz  vs.  LOCAL  TIME  —  NAKON  SAWAN.  THAILAND,  AUTUMN,  1966 


noise  on  the  E-W  dipole  during  the  day,  the  N-S  dipole  shows  about  the 
same  or  slightly  more  noise  during  the  evening. *  There  appear  to  be 
saturation  effects  during  the  day  (noise  independent  of  local  time)  caused 
by  lack  of  sufficient  sensitivity  of  the  receiver/recorder  system. 

The  receiving  system  was  calibrated  in  dB  above  1  p.V  across  the  input 

to  the  R-390A/URR  receivers  with  a  Hewlett-Packard  606A  signal  generator. 

The  antennas  employed  had  feed-point  impedances  of  approximately  50  ohms, 

and  the  output  impedance  of  the  signal  generator  was  50  ohms.  Therefore, 

special  dummy  antennas  were  not  required  for  calibration.  The  input 

impedances  of  the  receivers  were  also  about  50  ohms.  In  order  to  obtain 

a  rough  estimate  of  the  constant  required  to  convert  these  data  to  F  , 

a-14 

let  us  first  consider  the  0-dB  reference  level,  which  is  about  2  X  10 

watts,  and  convert  this  to  dB  above  kT  b.  The  receiver  bandwidth  employed 

®  — 18 

was  2  kHz.  Assuming  the  temperature  at  288°  Kelvin,  we  get  about  8  X  10 

watts  for  kTQb.  Therefore,  the  0-dB  reference  level  in  Fig.  16  corresponds 

to  about  34  dB  above  kT^b.  Assuming  the  antenna  losses  (including  the 

insertion  loss  of  the  transmission  lines)  to  be  about  5  dB  at  1.7  MHz, 

4  dB  at  3  MHz,  and  3  dB  at  5  MHz,  we  get  the  F  estimates  given  in 

a 

Table  III. 


Table  III 

ESTIMATES  OF  Fa  FOR  DIPOLES 
AT  AYUDHAYA  DURING  WINTER,  1963-1964 


Frequency 

(MHz) 

Estimated  F  (dB  above  kT  b) 
a  o 

Local  Time 
0000-0200 

Local 

Time 

0600 

Local  Time 
1000-1200 

Local 

Time 

1600 

Local  Time 
2000-2200 

1.7 

59 

46 

39 

41 

64 

3.0 

66 

50 

38 

42 

58 

5.0 

61 

47 

37 

42 

79 

Recall  that  slightly  more  noise  also  was  observed  on  the  E-W  trapped 
dipoles  at  Laem  Chabang  during  the  daytime  in  winter,  but  there  the 
trend  continued  during  nighttime. 
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No  statement  can  be  made  regarding  how  typical  these  values  are, 
because  data  from  only  one  day  are  given  for  each  frequency.  The  values 
do  not  seem  unreasonably  high  or  low  when  compared  to  the  data  from  the 
Laem  Chabang  trapped  dipoles  for  winter;  however,  the  noon  values  are 
probably  too  high  by  about  10  dB  because  of  lack  of  sufficient  dynamic 
range  in  the  recording  system— as  mentioned  above. 

C .  HF  Groundwave  Tests  at  Chumphon 

A  very  limited  amount  of  noise  data  were  obtained  at  Chumphon, 
Thailand,  in  July  1967  as  part  of  a  series  of  short-path  ground-wave 
tests.®  On  20  July  1967,  the  atmospheric  noise  on  two  orthogonal  6.05-MHz 
horizontal  dipoles  raised  18  feet  off  the  ground  was  sampled  at  1730  and 
1930  local  time.  The  dipoles  were  oriented  on  bearings  of  52°  (end-on 
dipole)  and  142°  (broadside  dipole)  magnetic.  The  Granger  Associates 
sounder  (Model  911)  receiver  threshold  was  about  -91  dBm,  and  atmospheric 
noise  in  the  4-kHz  bandpass  was  below  this  threshold  during  the  day 
through  1500  hours.  At  1730,  the  noise  observed  on  the  52°  dipole  was 
about  -79  dBm,  and  the  noise  on  the  142°  dipole  was  about  -86  dBm.  At 
1930,  the  noise  level  had  risen  to  -70  dBm  on  both  dipoles. 

To  estimate  F  ,  we  again  must  consider  antenna  efficiency.  The 

feed-point  impedance  of  the  dipoles  was  about  39  ohms,  corresponding  to 

an  efficieny  of  about  1.5  dB  (mismatch  losses  were  negligible).  The 

cable  losses  were  4.3  and  3.0  dB  for  the  end-on  and  broadside  dipoles, 

respectively.  The  receiver  input  impedance  was  padded  to  50  ohms,  and 

the  Hewlett-Packard  signal  generator  used  for  calibration  had  a  50-ohm 

output  impedance.  No  extra  dummy  antennas  were  required  for  simulating 

these  antennas  to  the  accuracy  needed  for  this  estimate.  For  a  4-kHz 

bandwidth,  kT  b  is  about  -138  dBm.  The  estimated  values  of  F  for  the 
o  a 

52°  and  142°  dipoles  at  1730  hours  on  20  July  1967  were  about  65  and  56  dB 
above  kTQb  respectively.  By  1930  hours,  these  values  had  risen  to  74  and 
73  dB  above  kTQb  respectively.  The  values  for  the  two  dipoles  at  1930 
hours  and  for  the  52°  dipole  at  1730  hours  are  about  10  dB  higher  than 
the  monthly  median  values  observed  on  the  5-MHz  trapped  dipoles  at 
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Laem  Chabang  at  about  the  same  time  of  day  in  August  1967.  There  is  no 
way  to  tell  how  typical  these  values  are,  though,  since  the  observations 
were  for  only  one  day.  All  that  can  be  said  is  that  the  values  are  not 
unreasonably  high. 

D.  Low-Angle  Radiation  Tests 

A  small  amount  of  noise  data  was  taken  at  Chumphon,  Thailand  on  two 
half-wave  horizontal  dipoles  at  5\/8  above  good  ground  as  part  of  a  test 
of  antennas  designed  to  receive  signals  arriving  at  low  elevation  angles.7 
The  dipoles  were  located  in  the  clearing  and  in  the  forest  (about  35  feet 
from  the  edge  of  the  clearing)  on  a  bearing  of  approximately  148°  magnetic. 
The  test  involved  reception  of  signals  from  a  Voice  of  America  (V  of  A) 
transmitter  near  Baguio,  in  the  Philippines,  on  11.775  MHz.  The  signals 
were  received  between  1800  and  2330  hours  local  time  on  R-390  receivers. 
Recordings  of  the  average  noise  power  in  a  1-kHz  bandpass  were  made  before 
and  after  the  V  of  A  transmissions  (1630  to  1700  and  2330  to  0000  hours 
local  time)  on  several  days  during  June  1967. 

The  receivers  were  operated  with  AGC  set  fast,  but  the  AGC  voltage 
was  fed  through  an  amplifier  with  a  10-s  time  constant  to  a  chart  recorder. 
Therefore,  the  recordings  showed  evidence  of  the  integration  resulting 
from  this  process  (i.e.,  fading  effects  integrated  out,  giving  a  rela¬ 
tively  smooth  trace).  Calibration  was  accomplished  with  a  Hewlett- 
Packard  606A  signal  generator,  which  was  used  to  apply  a  3-mV  signal  to 
the  receiver  input.  The  receiver  input  impedances  were  about  50  ohms; 
therefore,  0  dB  corresponded  to  about  1.8  X  10  watt  (-37.5  dBm).  After 
correction  for  effective  antenna  efficiency  (including  mismatch  loss  at 
feed  point,  cable  insertion  loss,  and  ground  loss  estimates)  the  noise 
values  were  essentially  the  same  for  both  clearing  and  forest  dipoles* 
before  and  after  the  V  of  A  transmission:  about  -97  dBm.  The  thermal  noise 
power  in  a  1-kHz  bandwidth  available  from  a  passive  resistor  at  room  tem¬ 
perature  is  -144  dEm;  therefore,  F  is  approximately  47  dB  above  kT  b  for 

a  o 

the  period  between  2  and  14  June  1967. 

*  Jansky  and  Bailey  also  report  essentially  the  same  noise  in  and  out  of 
the  forest  at  Pak  Chong,  Thailand.14 
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VIII  COMPARISON  OF  TRAPPED-DIPOLE  RESULTS  WITH  MEASURED 
AND  PREDICTED  RESULTS  FOR  STANDARD  ARN-2  MONOPOLE 

A .  Comparison  with  Standard  ARN-2  Monopole  Results 

We  wanted  to  compare  the  noise  power  available  from  the  trapped 
dipoles  (as  tabulated  in  Appendix  B)  to  that  from  the  standard  ARN-2 
vertical  monopole  used  at  Laem  Chabang  with  the  ARN-3  system  (as  tabulated 
in  Ref.  4).  The  curves  of  Appendix  C  show  the  diurnal  variation  of  the 
noise  data  for  the  three  antennas  by  month  for  the  period  August  1967 
through  February  1968. 

To  summarize  the  observed  differences  in  more  compact  form,  the 
month-hour  values  for  the  dipoles  (see  Appendix  B)  and  for  the  standard 
ARN-2  monopole  (see  ref.  4)  for  the  period  August  1967  through  February 
1968  were  grouped  according  to  day  (0800  hours  to  1600  hours  local  time) 
and  night,  (1600  hours  to  0800  hours  local  time)  and  the  dipole  results 
for  a  given  frequency,  month,  and  hour  were  subtracted  from  the  monopole 
results  for  the  same  frequency  and  period.  The  median  and  decile  bounds 
on  these  differences  were  determined  and  plotted  in  Fig.  17. 

At  2.3  MHz,  the  noise  on  the  trapped  dipoles  typically  was  about 

15  dB  lower  than  on  the  monopole  at  night  (see  Fig.  17).  During  the  day 

this  difference  increased  to  about  25  dB.  The  diurnal  range  of  variation 
was  about  10  dB  greater  for  the  dipoles  than  for  the  monopole  for  this 
frequency. 

At  5.0  MHz,  there  typically  was  only  about  5  dB  less  noise  on  the 

dipoles  at  night.  The  August  values  (see  Fig.  C-l)  were  typical,  but  this 

differential  decreased  during  the  autumn  until  the  antennas  picked  up 
about  the  same  noise  at  night  during  November  and  December  (see  Appendix 
C  .  In  January  and  February  1968  the  nighttime  noise  on  the  dipol6s  was 
again  less  than  on  the  monopole.  The  daytime  noise  was  less  on  the  dipoles 
(typically  10  dB  less),  although  in  February  1968  this  difference  was 
about  25  dB. 
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At  10. 0  MHz,  the  magnitude  of  the  noise  at  night  was  about  the  same 
on  all  three  antennas  during  autumn  and  winter,  and  the  diurnal  range 
decreased  from  about  35  dB  in  August  to  only  about  20  to  25  dB  during 
autumn  and  winter.  The  daytime  noise  on  the  dipoles  was  about  10  dB  less 
during  August,  but  became  increasingly  like  the  noise  on  the  monopole  as 
time  went  on  during  the  observation  period,  with  the  result  that  the  noise 
on  the  dipoles  was  typically  only  3  dB  less  than  on  the  monopole. 

B .  Comparison  with  CCIR  Report  322  Noise  Maps 

The  CCIR  predictions  for  the  standard  ARN-2  monopole  for  Laem  Chabang8 
are  shown  for  autumn  (September,  October,  November--see  Fig.  18),  and 
winter  (December,  January,  February--see  Fig.  19),*  along  with  values  ob¬ 
served  with  the  ARN-3  system  using  the  standard  ARN-2  monopole  and  the 
trapped  dipoles.  Estimates  of  the  seasonal  median  values  for  each  four- 
hour  time  block  and  frequency  were  obtained  by  averaging  the  appropriate 
monthly  median  values  (i.e.,  12  values  averaged  to  give  one  seasonal  data 
point).  These  values  should  be  within  a  few  dB  of  the  actual  seasonal 
medians,  which  could  have  been  obtained  by  the  more  laborious  process  of 
rank-ordering  all  the  values  in  a  given  season  and  time  block  and  select¬ 
ing  the  middle  value.  The  maps  always  predicted  less  noise  than  was  ob¬ 
served  on  the  monopole — this  is  discussed  fully  in  Ref.  5.  The  maps 
predicted  more  noise  for  the  standard  ARN-2  monopole  than  was  observed 
on  the  2 . 3-MHz  trapped  dipoles  but  less  than  was  observed  on  the  5-  and 
10-MHz  dipoles  during  both  autumn  and  winter.  The  results  of  these  com¬ 
parisons  can  be  summarized  as  follows: 

(l)  At  2.3  MHz,  the  CCIR  values  were  lower  than  the  values 
observed  on  the  standard  ARN-2  monopole,  but  0  to  10  dB 
higher  than  the  dipole  values. 


The  predictions  plotted  are  for  atmospheric  noise  only  since  the  obser¬ 
vations  were  made  at  a  very  low-noise  site.  The  CCIR  predictions  for 
man-made  noise  on  2.3  MHz  (43  dB  above  kT  b)  and  5.0  MHz  ( 36  dB  above 
kT  b1)  were  greater  than  the  predictions  for  atmospheric  noise  during 
the  0800-1200  hour  time  block  for  both  seasons  and  during  the  1200- 
1600  hour  time  block  for  winter. 
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(2)  At  5  MHz,  the  CCIR  values  were  still  lower  than  the  noise 
observed  on  the  standard  monopole,  but  they  provided 
reasonable  estimators  of  the  noise  observed  on  the  di¬ 
poles  during  most  of  the  day.  At  night  the  predictions 
were  too  low  by  about  5  to  10  dB  when  applied  to  the 

di poles . 

(3)  At  10  MHz,  the  CCIR  values  also  predicted  too  low  for 
the  standard  monopole  during  the  day,  but  they  gave  a 
reasonable  estimate  for  the  dipoles,  being  too  low  by 
only  about  5  dB.  At  night,  the  CCIR  values  predicted 
too  low  for  all  three  antennas  by  about  15  to  20  dB. 


C .  Suggestions  for  Use  of  CCIR  Report  322  Noise  Maps  to 
Predict  Noise  on  Dipoles  in  Thailand 

The  data  sample  is  very  small,  and  consequently,  any  correction 

function  for  the  CCIR  Report  322  noise  maps  so  that  they  can  be  applied 

to  horizontal  dipoles  must  be  rather  crude.  Data  from  the  trapped  dipoles 

at  Laem  Chabang  and  from  the  unbalanced  dipoles  at  the  other  sites  in 

Thailand  were  compared  with  the  CCIR  predictions  for  the  standard  ARN-2 

monopole,  and  an  approximate  correction  function  generated.  Figure  20 

shows  these  corrections  as  a  function  of  frequency  for  day  (defined  as 

0800  until  1600  hours  local  time)  and  night  (defined  as  1600  until  0800 

hours  local  time).  To  obtain  an  estimate  of  F  for  a  dipole  of  arbi- 

an.  # 

trary  orientation  located  one-quarter  wavelength  or  less  above  ground, 

scale  the  noise  maps  to  get  F  for  the  standard  ARN-2  monopole  and  add 

C..  The  curves  were  prepared  using  data  obtained  primarily  during  autumn 
d 

and  winter;  consequently,  the  curves  are  probably  better  for  these  seasons. 
In  the  absence  of  other  data,  these  curves  may  be  used  for  any  season  and 
for  any  location  within  Thailand. 


*  It  should  be  emphasized  that  the  correction  function  of  Fig.  20  is, 
strictly  speaking,  only  good  for  horizontal  dipoles  at  about  23  feet 
above  ground  (i.e.  ,  X/4  at  10  MHz,  X/8  at  5  MHz  and  about  X/16  at 
2.3  MHz).  Since  the  directivity  pattern  of  dipoles  at  heights  between 
about  )  /16  and  X/4  above  good  ground  is  approximately  independent  of 
antenna  height,  it  is  possible  to  estimate  the  change  in  available  noise 
power  from  an  equi  alent  lossless  dipole  with  antenna  height  by  esti¬ 
mating  the  change  in  gain  with  height  above  a  perfect  ground  plane 
(e.g.  ,  for  the  2.3-  and  5-MHz  dipoles  at  X/4  above  ground  one  would 
anticipate  an  increase  in  available  noise  power  of  about  8  dB  and  2  dB 
respectively).  Therefore,  during  daytime,  %  5  dB  ±  3  dB  for  dipoles 
operated  at  > /4  above  ground  in  the  lower  part  of  the  HF  ^and. 
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FIG.  20  CCIR  REt-ORT  322  NOISE  MAP  CORRECTION 
FOR  HORIZONTAL  DIPOLES  PLACED  23  ft. 
ABOVE  GROUND  IN  THAILAND 


0-4I40-IM4 

FUNCTION 


49 


BLANK  PAGE 


i 


IX  EFFECT  OF  LOCAL  ELECTRICAL  STORMS  ON  TRAPPED-DIPOLE  NOISE 


A  brief  examination  of  the  effects  of  local  electrical  storms  on 
the  noise  received  on  the  trapped  dipoles  was  performed  toward  the  end 
of  the  fall  monsoon  season  in  1967. 

Figure  21  shows  the  variation  in  noise  power  received  on  the  trapped 
dipoles  as  a  function  of  local  lightning  activity  for  the  period  14 
through  17  October  1967.  The  lightning  activity  was  monitored  at  Laem 
Chabang  with  a  transistorized  Prentice*  (Pierce-type  ERA)15  counter.16 
The  counter  data  were  quantized  according  to  the  number  of  counts  per 
hour  as  inuicated  in  Fig.  21.  All  observed  counts  fell  within  the  in¬ 
tervals  shown  except  during  one  hour  when  173  counts  were  recorded.  Noise 
data  for  that  hour  were  lumped  into  category  D.  The  ordinate  of  Fig.  21 
is  the  average  difference  between  the  noise  power  observed  during  a  given 
hour  and  the  monthly  median  value  for  that  hour. 

These  data  are  rather  scattered  (probably  because  of  the  small 
sample  size),  especially  at  the  higher  frequencies,  but  it  can  be  observed 
that  there  is  no  apparent  effect  on  Fa  at  5.0  and  10.0  MHz  due  to  local 
storms.  There  is  a  significant  effect  at  2.3  MHz,  however. 

To  better  illustrate  the  trends  of  noise  power  change  with  increas¬ 
ing  local  storminess  as  a  function  of  frequency,  the  data  of  Fig.  21  have 
been  replotted  with  the  ordinate  set  to  0  dB  when  there  were  no  counts 
(see  Fig.  22).  These  data  are  now  in  a  form  comparable  with  data  from 
the  ARN-2  standard  monopole  (see  Fig.  23,  reproduced  from  Ref.  5).  The 


This  unit  was  on  loan  from  Prof.  Prentice,  University  of  Queensland, 
Brisbane,  Australia.  It  had  a  passband  centered  on  about  600  Hz  and 
was  6  dB  down  at  about  200  Hz  and  2  kHz.  The  triggering  threshold  cor¬ 
responds  roughly  to  an  electric  field  strength  of  5  V/m.  Working  pri¬ 
marily  on  the  electrostatic  field  component  ( 1/r^)  produced  by  a 
lightning  discharge,  this  counter  has  an  effective  range  of  about 
25  km. 


51 


FIG.  21  AVERAGE  VARIATION  OF  HOURLY  TRAPPED-DIPOLE 

EFFECTIVE  NOISE  FACTOR  FROM  MONTHLY  MEDIAN 

AS  A  FUNCTION  OF  LIGHTNING  ACTIVITY 
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(b)  ERA  COUNTER,  3- VOLT  THRESHOLD 

FIG.  23  NORMALIZED  AVERAGE  VARIATION  OF  ARN-2  MONOPOLE  EFFECTIVE 
NOISE  FACTOR  AS  A  FUNCTION  OF  LIGHTNING  ACTIVITY 


relative  Increase  in  noise  power  with  increase  in  local  storminess  is 
essentially  the  same  for  the  dipoles  and  for  the  monopole  at  2.3  MHz, 
and  neither  show  much  change  at  10,0  MHz.  At  5.0  MHz,  however,  the  in¬ 
crease  in  noise  is  somewhat  greater  for  the  monopole,  although  the  N/S 
dipole  does  show  a  trend  more  similar  to  that  of  the  monopole  than  does 
the  E-W  dipole. 

It  should  be  emphasized  that  the  estimates  of  change  in  average  noise 
powei  given  in  Figs.  22  through  23  are  very  crude  and  are  probably  opti¬ 
mistic  from  the  communication  standpoint  because: 

(1)  The  storms  studied  were  not  extremely  intense. 

(2)  Equipment  limitations  probably  cause  the  F  values 
to  be  too  low,  especially  for  storms  of  moderate 
intensity. 1 7 
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(3)  The  noise  data  were  obtained  during  a  12-minute 
period  each  hour,  whereas  the  counts  were  aver¬ 
aged  over  an  hour. 

Furthermore,  only  a  small  amount  of  data  were  used  in  the  study.  Never¬ 
theless,  we  can  tentatively  conclude  that  the  noise  caused  by  local  storms 
can  result  in  a  substantial  increase  in  the  effective  noise  factor  of 
horizontal  dipole  antennas  (or  vertical  monopole  antennas)  operated  at 
the  lower  edge  of  the  HF  band  (e.g.,  the  order  of  20  dB  or  more).  The 
effect  of  local  storms  on  antenna  noise  factor  tends  to  decrease  as  fre¬ 
quency  increases,  becoming  small  (  3  dB  or  less)  at  10.0  MHz.  This 
behavior  is  consistent  with  the  well-established  facts  that,  as  frequency 
increases,  the  signal  generated  by  lightning  decreases,  while  the  ratio 
of  the  contribution  to  received  noise  by  ionospherically  reflected  rays 
to  that  by  a  ground  wave  becomes  larger. 
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Appendix  A 

CALIBRATION  THEORY  AND  TECHNIQUE 


1.  Theory 

The  vertical  component  of  the  mean  noise  power,  averaged  over  a 

period  of  several  minutes,  is  the  basic  parameter  measured  by  the  ARN-2 

system.1'2  This  noise  power  is  expressed  as  an  effective  antenna  noise 

figure,  F  ,  the  noise  power  available  from  an  equivalent  lossless  antenna. 
& 

The  units  of  F  are  dB  above  kT  b — the  thermal  noise  power  available 
a  o 

from  a  passive  resistance  at  room  temperature,  TQ  (tal'en  as  288  degrees 
Kelvin),18  when  hf  «  kT,^  where 

h  =  Planck's  constant 
f  =  Frequency  (Hz) 

—23 

k  =  Boltzmann's  constant  (1.38  X  10  J/°K) 

T  =  Temperature  (  °K) 

i  r  2 

b  =  Equivalent  noise  bandwidth  (Hz)=  I A  (f)df 

A  =  Maximum  voltage  amplitude  response  of  the  system 
o 

A(f)  =  Overall  voltage  t pectral  response  of  the  system. 


* 


The  mean  square  noise  voltage  developed  across  an  equivalent  passive 
resistance  of  R  ohms  is,  in  general,  given  as19 


n 


f  f  **<*>« 

o  o 


When  hf  «  kT  (true  for  frequencies  of  interest  to  us)  then  the  expo¬ 
nential  term  can  be  replaced  by  the  first  two  terms  of  its  series  ex¬ 
pansion.  When  R  is  independent  of  frequency,  then  the  expression  for 
mean-squared  noise  voltage  simplifies  to 

V2  =  4kTbR 
n 


When  T  =  T  ,  the  available  power  is,  by  definition, 
o 


V2/4R  =  kT  B 

n  o 
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We  seek  to  determine  F  for  the  horizontal  dipole  -'s  observed  with 

ti¬ 
the  ARN-3  system.  Therefore  the  calibration  process  'insists  of  deter¬ 
mining  the  power  available  from  the  actual  horizontal  dipole  antenna  ter¬ 
minals  (in  dB  above  kTQb)  and  determining  antenna  losses. 

The  problem  of  determining  the  power  available  from  the  actual  an¬ 
tenna  terminals  can  be  restated  as  the  problem  of  constructing  a  noise 
source  ( l)  with  the  same  internal  impedance  as  the  actual  antenna,  and 
(2)  whose  available  power  is  known  in  terms  of  dB  above  kT  b.  Then  the 
calibration  can  be  effected  by  comparison  of  the  recorder  deflection 
produced  by  this  source  of  known  properties  with  the  deflection  produced 
when  the  actual  antenna  is  driving  the  receiver/recorder  system. 

A  convenient  noise  source  of  known  characteristics  is  a  vacuum-tube 
diode  whose  current  is  limited  by  temperature  rather  than  by  the  voltage 
applied  between  the  anode  and  cathode.  It  is  well  known  that  th  shot- 
noise  component  of  the  rms  noise  current  (i.e.,  alternating  current),  in> 
flowing  through  such  a  diode  is  given  by:20 


where 


i  =  rms  noise  current  in  equivalent  bandwidth,  b 

^  —19 

q  =  Electronic  charge  (l.59  X  10  coulombs) 

I  =  Direct  current  flowing  between  anode  and  cathode  (amperes), 
dc 


load  resistance,  then  we  can  use  such  a  source  to  drive  our  receiver/ 

recorder  system  and  calibrate  the  deflection  produced  in  dB  above  k^  b. 

o 

The  ndxt  questions  are,  where  should  we  inject  this  noise  into  the  system, 
and  what  ac  load  resistance  is  required? 

For  convenience,  let  us  inject  the  noise  from  our  diode  into  the 
system  at  the  place  where  the  coaxial  transmission  line  from  the  trapped 
dipoles  injects  the  atmospheric  noise  during  the  actual  measurement— the 
Trak  multicouplor  input  (see  Fig,  8).  If  we  look  into  the  coaxial  trans¬ 
mission  line  toward  the  trapped  dipole  from  this  point  we  see  a  certain 
R^  +  jX^,  which  corresponds  to  the  impedance  of  the  "source"  driving  the 
Trak  multicoupler  input  during  the  normal  noise  measurement.  The  real 
part  of  this  impedance,  R^,  is  therefore,  the  ac  load  resistance  required 
for  our  noise  diode.  Consequently,  we  need  measured  data  on  apparent 
antenna  impedances,  as  observed  at  the  transmission  line  output  with  the 
antennas  actually  installed,  in  order  to  construct  appropriate  "dummy 
antennas"  for  use  with  our  noise-diode  source.  The  actual  dummy  antennas 

each  should  have  a  measured  impedance  R  +  jX  very  nearly  equal  to  the 

£1  0. 

required  impedance  (i.e,,  R  +  jX  «  R  +  jXj. 

a  a  a  a 

The  circuit  of  Fig.  A-l  provides  the  noise  source  v:e  seek:  one  with 
known  available  power,  and  output  impedance  the  same  as  the  source  supply¬ 
ing  atmospheric  noise  to  the  receiver  (Trak  multicoupler)  input.  If  the 
filament  voltage  of  the  noise  diode  is  adjusted  to  provide  full-scale 
deflection  of  the  dc  milliammeter  ( I  =  100  mA),  then  the  noise  power 

available  from  the  source  is  10  log<rt(qIJ  R  /2kT  ):  this  equals  36  dB 

10  dc  a  o 


NOISE  SOURCE  DUMMY  ANTENNA 
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*  J 


above  kT  b  when  R  is  equal  to  2  kfJ  (the  calibration  unit  of  the  ARN-3 
o  a  v 

has  an  equivalent  ac  load  resistance  of  about  2  kw — see  Fig.  9),  but 
the  output  impedance  of  the  transmission  line  from  our  horizontal  dipole 
has  a  value  much  lower  than  2  kO  (see  Table  A-l).^  If  we  consider  R&  as 
a  variable,  then  the  noise  power  available  from  our  source  can  be  expressed 

O 

in  dB  above  kT  B  as  36  +  10  log,,  [r  /( 2  X  10  )  ].  Under  these  conditions 
o  10  a 

(i  =  100  mA,  which  gives  full-scale  deflection  of  the  meter),  when  the 
dc 

switch  of  the  calibration  unit  of  Fig,  9  is  in  the  ANT  position  and  the 
standard  ARN-2  antenna  is  disconnected,  the  BNC  output  jack  J3  (which 

d 

was  added  for  calibration  of  the  dipoles)  will  be  the  desired  noise  source 
of  Fig.  A-l.  We  need  only  connect  the  dummy  antenna  (see  Fip,.  A-2)  in 

series  between  J3  and  the  Trak  multicoupler  input  to  produce  the  desired 

®  6 
deflection  on  the  recorder. * 


INPUT 


MINIBOX 


FIG.  A-2  SCHEMATIC  OF  DIPOLE  DUMMY  ANTENNA 


The  2-kfl  ac  load  resistance  for  2,3,  5.0,  and  10.0  MHz  is  obtained  by 
the  series  combination  of  a  2,5-kO  resistor  and  a  50-0  resistor  both 
in  parallel  with  a  20-kO  resistor  shunted  by  a  dc  choke  with  effective 
ac  resistance  of  about  another  20  kO. 

The  cable  output  impedance  was  measured  at  various  times  during  the  test 
program;  the  observed  values  are  summarized  in  Table  A-l,  The  results 
are  reasonably  consistent,  except  for  the  5-MHz  E-W  dipole  and  10-MHz 
N-S  dipole  measured  in  January  1968.  The  dummy  antennas  actually  used 
are  reasonably  representative  except  for  the  5-MHz  (and  possibly  the 
10-MHz)  N-S  dipoles;  even  for  these  antennas,  the  error  is  less  than  2  dB. 

BNC  jack  J3q  has  an  ac  source  impedance  of  about  2  kfi  (before  the  dummy 
antenna  is  added  in  series)  when  the  switch  is  in  the  ANT  position  and 
when  the  standard  antenna  is  disconnected.  With  the  dummy  antenna  in 
position,  the  shunting  effect  of  2  kfi  on  dummy  antenna  resistance  Ra  is 
negligible,  however;  since  the  largest  value  of  Ra  is  less  than  100  0. 
Therefore,  the  diode  noise  current  passes  almost  exclusively  through  Ra. 
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When  we  use  the  appropriate  dummy  antenna,  and  adjust  the  noise- 
diode-filament  voltage  to  produce  a  dc  current  of  100  mA,  we  are  able  to 
calibrate  only  one  deflection  level  on  the  recorder.  Since  we  expect  the 
noise  power  available  from  the  actual  antenna  to  vary  considerably  with 
time  of  day,  season,  antenna  orientation,  etc.,  we  need  to  calibrate  the 
entire  dynamic  range  of  the  receiver/recorder  combination  in  decibels 
relative  to  the  deflection  produced  by  our  known  noise  source.  This  is 
most  conveniently  accomplished  with  a  CW  signal  generator  and  an  atten¬ 
uator.  The  CW  signal  generator,  with  step-variable  attenuator  in  series, 
is  used  to  drive  the  receiver/ recorder  system  as  indicated  in  Fig.  8.  The 
procedure  is  to  adjust  the  signal  generator  output  to  give  maximum  de¬ 
flection  on  the  noise-power  chart  recorder  and  then  insert  attenuation 
in  5-dB  steps  until  the  minimum  deflection  of  the  chart  recorder  is  ob¬ 
tained.  Then,  instead  of  trying  to  match  the  input  noise  power  from  the 

«• 

actual  antenna  to  the  noise  from  the  diode  source,  we  can  calibrate  the 
chart  in  the  arbitrary  dB-scale  chart  reading,  R,  using  the  CW  signal 
generator,  and  relate  this  scale  to  the  level  D  produced  by  the  noise 
diode  (with  appropriate  dummy  antenna)  at  a  fixed  I  .  For  convenience 
and  accuracy  (since  the  full-scale  deflection  of  the  milliammeter  in  the 
calibration  unit  is  100  mA — see  Fig.  9),  we  define 

F.'  =  36  +  10  log,.  [R  /( 2  X  103)] 

d  1U  a 

Values  of  F*  are  summarized  in  the  right-hand  column  of  Table  A-l.  There- 
d 

fore,  when  the  noise  from  the  antenna  produces  a  chart  deflection  R,  the 
noise  power  available  from  the  actual  antenna,  F^,  is  given  by  the  follow¬ 
ing  expression: 

F,  =  36+R-D  +  10  log,  -  [R  /(2  X  103)  ] 

d  10  a 


or 


F,  =  R  -  D  +  F ' 
d  d 


This  could  be  done  by  adjusting  the  filament  voltage  of  the  noise  diode 
every  few  minutes  to  cause  the  noise  diode  to  produce  enough  noise  to 
equal  the  average  of  that  observed  from  the  antenna  and  noting  the  I 
required. 
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Now  wo  need  only  consider  antenna  efficiency  to  be  able  to  specify  the 
desired  parameter  F  ,  since  F  =  F  +  L,  where  L  represents  the  effective 

£1  E  Q 

antenna  losses  in  dB  (i.e.,  loss  in  available  power). 

The  effective  antenna  losses  are  composed  of  transmission-line  losses, 
balun  losses,  and  losses  in  the  antenna  itself  (heat  losses  in  the  antenna 
wire  and  traps,  and  losses  in  the  ground  due  to  the  finite  conductivity 
of  the  ground).  Let  us  define  the  effective  antenna  losses,  L,  in  the 
following  way  to  obtain  an  estimate  of  the  loss  in  available  power: 


L  =  ^  +  lb  +  la 


where 

=  Insertion 

loss 

of 

Lg  =  Insertion 

loss 

of 

and 

the  transmission  line  in  dB* 
the  balun  in  dB* 


La  =  Actual  antenna  losses  (inverse  of  antenna  efficiency) 

■  10  ‘<*10  <  VV 

where 

Ra  =  Real  part  of  the  driving-point  impedance  of  the  dipole 
on  the  antenna  side  of  the  balun 

R^  =  Radiation  resistance  of  a  lossless  equivalent  of  the 
trapped  dipole  at  the  same  height  above  a  perfect 
ground  plane. 


The  measured  values  of  1^,  are  presented  in  Table  A-2,  These  values 
wore  obtained  with  50-0  load  and  source  impedances  (i.e,,  flat  line), 
but  they  are  reasonable  estimates  for  the  actual  system  as  installed. 

The  insertion  loss  of  the  balun  is  stated  by  the  manufacturer  (North 
Hills)  to  be  0.25  dB  at  the  frequencies  of  interest  and  when  source  and 
load  impedances  are  75  0.  The  insertion  losses  of  the  baluns  actually 


These  insertion  losses  can  be  measured  and  used  as  estimates  of  the 
loss  in  available  power  in  the  transmission  line  and  balun. 


65 


Table  A-2 


MEASURED  INSERTION  LOSS  OF  TRANSMISSION  LINE,  1^, 


Frequency 

(MHz) 

Insertion  Loss,  L 
(dB)  T 

Cable  Length 
(as  installed— ft) 

2.3 

0.64 

281 

5.0 

1.15 

281 

10.0 

1.61 

281 

used  were  measured  for  the  case  of  the  balun  driven  with  a  50-Q  source 
and  terminated  with  a  50-Q  load.  These  results  are  summarized  in  Table  A-3. 
The  values  for  both  baluns  (North-South  and  East-West  trapped  dipoles) 
were  the  same  to  within  the  accuracy  of  the  measurement — ±0.1  dB— and  are 
probably  representative  of  the  balun  losses  as  employed. 


Table  A-3 

MEASURED  BALUN  INSERTION  LOSS,  Lq 


Frequency 

Balun  Insertion  Loss,  L 
(dB)  B 

(MHz) 

2.3 

0.7 

5.0 

0.3 

10.0 

0.6 

Measured  values  of  R  for  the  trapped  dipoles  at  23  feet  above 

ft 

ground  are  given  in  Table  A-4,  The  input  impedances  of  actual  half-wave 
horizontal  dipoles  at  the  same  height  above  the  same  ground  plane  (ex¬ 
tended  to  equal  the  dipole  length)  and  measured  at  the  same  site  are  also 
given  in  Table  A-4  for  comparison.  Notice  that  the  real  part  of  the 


These  impedances  were  measured  on  two  different  occasions  several 
months  apart.  The  values  given  in  the  table  were  obtained  by  averag¬ 
ing  the  results  of  these  two  measurements.  The  actual  observed  values 
were  within  i5  percent  of  the  average  values  (i.e.,  within  the  accuracy 
of  the  bridges  used  for  the  measurements). 


Table  A-4 

MEASURED*  AND  CALCULATED  DIPOLE  IMPEDANCE  AND  LOSS  VALUES 


Dipole 

Freq 

(MHz) 

rr 

(n) 

X/2  Dipole 

Trapped  Dipoles 

ra 

(0) 

la 

(dB) 

ra 

(0) 

la 

(dB) 

L  =  +  L  +  L. 

T  B  A 

(dB) 

N-S 

2.3 

7.5 

33.5 

6.5 

27.5 

5.7 

7.0 

5.0 

28,5 

36.7 

1.1 

98.7 

5.4 

6.8 

10.0 

79.3 

85.2 

0.3 

95.0 

0.8 

3.0 

E-W 

2.3 

7.5 

37.0 

6.9 

29.7 

6.0 

7.3 

5.0 

28.5 

35.5 

0.9 

81.0 

4.5 

5.9 

10.0 

79.3 

80,5 

0.1 

97.0 

0.9 

3.1 

ii- 

See  footnote  on  previous  page. 


feed  impedance  of  the  trapped  dipoles  agrees  reasonably  well  with  the 
values  obtained  for  the  full-length  X/2  dipoles  on  2.3  and  10  MHz.  Ob¬ 
serve  that  the  ground  plane  caused  the  dipoles  to  be  relatively  efficient 
at  10  MHz.  We  determine  rJ,  the  radiation  resistance  of  an  equivalent 
lossless  hr  If -wave  dipole  at  the  same  height  above  a  perfect  ground  plane, 
from  the  relationship  given  by  Kraus.21  These  calculated  resistance 
values  are  summarized  in  Table  A-4.  Values  for  =  10  1°B10  (R^/R^)  are 
given  for  the  full-length  X/2  dipoles.  When  calculating  for  the  trapped 
dipoles  we  assumed  that  R^  of  a  X/2  dipole  at  23  feet  over  perfect  ground 

is  a  good  estimator  of  R  for  the  trapped  dipole  at  23  feet  over  the 

K 

chicken-wire  ground  screen  as  it  is  installed  at  Laem  Chabang,  and  we 
used  the  formula  stated  above. 

We  can  now  calculate  the  system  constant  (Kd)  used  in  the  expression 

to  determine  F  for  the  trapped  dipoles,  as  follows:^ 

& 

^  By  definition,  Fa  =  K,j  +  R  -  D.  Here  R  is  the  average  noise  power  level 
over  the  observation  period  for  which  Fa  is  being  determined,  in  dB,  on 
the  R  scale  established  during  the  calibration  with  the  CW  signal  gen¬ 
erator;  and  D  is  the  level  produced  by  the  noise  diode  source  with  the 
appropriate  dummy  antenna  in  series,  in  dB,  on  the  same  R  scale  (deter¬ 
mined  during  weekly  calibration). 
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+  L 


*_  J 


Kd  =  36  +  10  log10 


l  2  X  10 


where  +  L,  and  the  values  for  and  L  come  from  Tables  A-l  and 

d  d  d 

A-4  respectively.  Table  A-5  summarizes  the  values  of  the  system  constant, 
K  ,  determined  from  the  foregoing  discussions. 


Table  A-5 

SYSTEM  CONSTANTS  FOR  TRAPPED  DIPOLE  NOISE  MEASUREMENTS ,  K 


Dipole 

Frequency 

(MHz) 

Kd 

(dD 

2.3 

+23.9 

N-S 

5.0 

+26.8 

10.0 

+23.2 

2.3 

+25.6 

E-W 

5.0 

+26.6 

10.0 

+23.9 

This  concludes  the  calibration  section.  The  values  of  F  obtained 

a 

in  this  manner  for  the  trapped  dipoles  at  Laem  Chabang  may  be  compared 
directly  with  those  obtained  by  the  ARN-3  system  to  determine  the  rela¬ 
tionship  between  the  noise  power  available  from  the  equivalent  of  lossless 
half-wave  horizontal  dipole  antennas  at  23  feet  above  ground  planes  to 
the  noise  power  available  from  the  equivalent  lossless  21.75-foot  ver¬ 
tical  monopole. 

2.  Technique 

The  calibration  of  the  trapped  dipoles  to  obtain  the  5-dB  steps  on 
the  chart  recorder  of  the  ARN-3  equipment  will  usually  be  performed  after 
the  calibration  for  the  monopole  on  the  corresponding  channels  has  been 
completed.  Calibration  for  the  dipoles  is  performed  at  the  same  power 
gain  and  sensitivity  control  settings  as  for  the  monopole  calibration. 

The  calibration  procedures  are  as  outlined  below. 
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The  signal  generator  is  connected  to  the  input  of  the  Trak  multi¬ 
coupler  as  shown  in  Fig.  A-3  and  tuned  to  the  receiver  frequency,  and 
the  attenuator  is  adjusted  to  10  dB  In  order  to  suppress  the  set  noise. 
^This  ensures  that  the  lowest  calibration  signal  is  above  the  set  noise 
level.)  The  function  switch  is  set  to  the  TCS  ( short -time-const ant) 


FIG.  A-3  CW  SIGNAL  GENERATOR  CALIBRATION  SET-UP 


position,  the  signal  generator  output  is  'd justed  to  inject  a  signal  level 
giving  full-scale  deflection  on  the  power  strip  chart,  and  the  signal  gen¬ 
erator  output  level  in  d&n  is  logged  on  the  chart.  Then  the  attenuators 
are  used  to  reduce  the  generator  output  level  in  5-dB  steps  and  the  re¬ 
sulting  deflections  are  indicated  on  the  chart.  This  procedure  produces 
the  R  scale. 

To  make  the  noise-diode  measurement  the  input  of  the  dummy  antenna  for 
the  corresponding  frequency  is  connected  to  J3  (diode-plate-current  output) 
and  the  output  of  the  dummy  antenna  is  connected  to  the  input  of  the  Trak 
multicoupler  and  through  the  attenuators  to  the  receivers  (see  Fig,  A-4). 

With  the  meter-strip  function  switch  set  to  the  TCS  position  the 
attenuator  is  adjusted  to  0  dB  and  the  calibration  function  switch  is  set 
to  the  antenna  (ANT)  position.  The  noise  diode  switch  is  depressed  and 
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.  J 


FIG.  A-4  NOISE  DIODE  FACTOR  CALIBRATION  SET-UP 


the  diode  filament  voltage  adjusted  to  give  a  full-scale  (lOO-mA)  noise 
diode  current.  The  noise  diode  factor,  D,  is  then  logged  on  the  chart  in 
units  of  the  R  scale.  Then  the  diode  current  is  turned  back  and  the  noise 
diode  switch  released.  The  dummy  antenna  is  disconnected  and  again  the 
signal  generator  is  fed  directly  into  the  Trak  multicoupler  (see  Fig.  A-3) 
The  generator  output  level  and  frequency  are  adjusted  for  the  same  chart 
deflection  as  produced  by  the  noise  diode.  The  output  reading  of  the 
generator  in  dBm  should  indicate  the  value  of  the  noise  diode  factor  in 
dB,  previously  determined.  Prior  to  the  measuremerts  of  the  diode  level, 
it  should  have  been  determined  that  with  0  dB  attenuation  the  receiver 
set  noise  level  registers  on  the  chart  recorder  and  that  this  set  noise 
level  is  lower  than  the  noise  diode  level.  The  above  procedure  completes 
the  calibration  of  the  ARN-3  system  for  use  with  the  trapped  dipoles. 

The  calibration  of  the  standard  ARN-3  system  is  discussed  in  Ref.  3, 
but  the  authors  wish  to  discuss  here  the  measurement  of  the  stub  factor. 
This  is  determined  only  for  the  standard  monopole.  The  procedure  for 
finding  the  stub  factors  is  as  follows:  TTie  receiver  is  tuned  to  the 
desired  frequency  and  retuned  (if  necessary)  to  ensure  that  there  is  no 
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man-made  interference  strong  enough  to  be  significant.  A  signal  is 
transmitted  through  the  stub  antenna  (0,203  m  height,  and  0.00229-m- 
diameter  copper  wire)  on  top  of  the  vertical  antenna  ground  plane  and 
the  signal  is  received  with  the  standard  vertical  whip  antenna  (the  dis¬ 
tance  between  the  stub  antenna  and  the  vertical  whip  antenna  is  1,22  m) 
and  recorded  on  the  power-strip-recording  chart.  The  deflection  produced 
is  compared  with  that  caused  by  a  signal  generator  being  fed  directly  to 
the  input  of  the  system.  The  difference  in  the  signal  level  produced  by 
the  two  methods  of  driving  the  receiver  will  determine  the  stub  factor 
of  the  monopole.  The  trapped-dipole  calibration  does  not  use  the  stub 
factor  technique  to  determine  antenna  efficiency.  Instead,  the  equivalent 
of  this  stub  factor  is  determined  by  calculating  the  antenna  system  losses, 
L,  as  discussed  in  Sec.  1  of  this  Appendix. 


Appendix  B 

MONTH-HOUR  VALUES  OF  RADIO  NOISE  POWER  AVAILABLE  FROM 
EQUIVALENT  LOSSLESS  HALF-WAVE  HORIZONTAL 
DIPOLE  ANTENNAS  AT  23  FEET  ABOVE  GROUND 
AT  LAEM  CHABANG,  THAILAND 
(Lat.  13 . 05°N,  Long.  100. 9°E) 


Note:  The  values  appearing  in  the  row  00  hours  local 

time  were  obtained  during  a  twelve-minute  period 
in  the  interval  00  to  01  hours,  etc.  (see 
Table  II  for  the  exact  time  during  the  interval). 
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Table  B- 1 

MONTH -HOUR  VALLES  OF  RADIO  NOISE  AVAILABLE  FROM 
HORIZONTAL  DIPOLE  ANTENNAS— AUGl ST  1967 


I"  a  =  Median  value  of  effective  antenna  noise  factor  in  dH  above  kTQb. 
Du  =  Hatio  of  upper  decile  to  median  in  dH. 

\\  =  Hatio  of  median  to  lower  decile  in  dH. 
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Table  B-3 

MONTH  1101  H  VaI.LKS  OF  RADIO  NOISE  AVAILABLE  FROM 
HORIZONTAL  DIPOLE  ANTENNAS— OCTOBER  1967 


I a  e  Median  value  of  effective  antenna  noise  faetur  in  dH  abuve  kT0b. 

~  Ratio  of  upper  decile  to  median  in  dll, 

1^  ’  Hat lu  of  median  to  loaer  decile  in  dH. 
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■  — .  Mill 

j 

\* 

(  , 

Ta  1>  1  B-4 

MONTH -HOUR  VALUES  OK  RADIO  NOISE  AVAILABLE  FROM 

HORIZONTAL  DIPOLE  ANTENNAS— NOVEMBER  1967 

=  Median  value  of  effective  antenna  noise  factor  in  dB  above  kT0b. 
Du  =  Ratio  of  upper  decile  to  median  in  dB. 

=  Ratio  of  median  to  lo»er  decile  in  n’B. 
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Table  B-5 


MONTH-HOI  R  VALUES  OK  RADIO  NOISE  AVAILABLE  FROM 
HORIZONTAL  111  ROLE  ANTENNAS— DECEMBER  19b7 
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Table  H>(i 
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Table  B-7 


Median  value  of  effective  aitenna  noise  factor  in  ilB  above  kT  l> 

o 

Mat  10  of  upper  defile  to  median  in  dh. 

Halio  of  median  to  lower  drrilr  m  dB, 


Appendix  C 


MONTHLY  MEDIAN  EFFECTIVE  ANTENNA  NOISE 
FACTORS  FOR  TRAPPED  DIPOLES  AND 
STANDARD  ARN-2  MONOPOLE  AT 
LA  EM  CHABANG,  THAILAND 


Note:  The  data  points  in  this  appendix  were  plotted 
from  Appendix  A,  and  the  tabulated  values  at 
00  hours  local  time  (corresponding  to  data  ob¬ 
tained  during  the  interval  00  to  01  hours)  were 
plotted  at  00  hours,  etc. 
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FIG  Cl  EFFECTIVE  ANTENNA  NOISE  FACTOR  FOR  TRAPPED  DIPOLES 
AND  STANDARD  ARN  ?  MONOPOIE  AUGUST  1967 


•  o 


FIG  C  3  EFFECTIVE  ANTENNA  NOISE  FACTOR  FOR  TRAPPED  DIPOLES 
AND  STANDARD  ARN-2  MONOPOLE,  OCTOBER  1967 
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FIG  C  4  EFFECTIVE  ANTENNA  NOISE  FACTOR  FOR  TRAPPED  DIPOIES 
AND  STANDARD  ARN  ?  MONOPOIE,  NOVEMBER  1967 
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LOCAL  TIME 
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FIG  C  5  EFFECTIVE  ANTENNA  NOISE  FACTOR  FOR  TRAPPED  DIPOLES 
AND  STANDARD  ARN  2  MONOPOLE,  DECEMBER  1967 


FIG.  C  7  EFFECTIVE  ANTENNA  NOISE  FACTOR  FOR  TRAPPED  DIPOLES 
AND  STANDARD  ARN  2  MONOPOIE,  FEBRUARY  1968 
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The  noise  power  available  from  the  equivalent  of  lossless  half-wave  horizontal  dipole 
antennas  23  feet  above  ground  was  measured  on  2.3,  5.0,  and  10.0  MHz  at  Laem  Chabang, 
Thailand  (13.05°N,  100.90°E)  from  August  1967  through  February  1968.  Data  were 
obtained  using  dipoles  oriented  magnetically  north-south  (N-S)  and  east-west  (E-W) 
at  the  same  site  where  data  were  being  taken  with  a  standard  ARN-2  21.75-foot  verti¬ 
cal  monopole.  The  noise  power  available  from  the  dipoles  is  significantly  less  than 
that  available  from  the  monopole  in  the  lower  part  of  the  HF  band,  but  this  differ¬ 
ence  tends  to  decrease  as  frequency  increases,  becoming  negligible  at  10.0  MHz  at 
night.  The  noise  picked  up  by  the  horizontal  dipoles  is  relatively  independent  of 
their  orientation,  although  the  E-W  dipoles  do  pick  up  slightly  more  noise  during 
winter.  The  diurnal  variation  of  atmospheric  noise  observed  on  the  dipoles  tends  to 
bo  greater  than  that  observed  on  the  monopole,  and  the  difference  is  least  on  the 
highest  measurement  frequency.  The  noise  data  from  the  horizontal  dipoles  are  com¬ 
pared  with  the  CCIR  Report  322  predictions  for  a  vertical  monopole  at  the  same  site, 
and  a  correction  function  is  derived  to  facilitate  using  these  noise  maps  to  make 
predictions  for  horizontal  dipoles.  The  effect  of  local  electrical  storms  on  the 
average  noise  power  observed  with  the  horizontal  antennas  was  studied.  It  appears 
that  local  electrical  storms  can  cause  a  significant  increase  in  observed  average 
noise  power  at  2.3  MHz, (e.g. ,  more  than  20  dB  above  the  monthly  median  for  that 
hour),  but  they  seem  to  have  relatively  little  effect  at  5.0  and  10.0  MHz  (less  than 
10  dB  increase  over  the  monthly  median).  The  observed  increases  in  average  noise 
power  during  local  storms  may  be  smaller  than  the  actual  increases  in  noise-power 
flux  density  at  the  site  because  of  the  limitations  of  our  instrumentation. 
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